The advances in micro-size and in-plane supercapacitors lead to produce the miniaturizing energy storage devices in portable and bendable electronics. Micro-supercapacitors have the unique electrochemical performance, such as high power density, fast charging, long cycle life and high safety. The reduction time and cost in fabrication processes of micro supercapacitors are important factors in micro-fabrication technology. In this work, a simple, scalable and cost-effective fabrication of interdigitated reduced graphene oxide@polyaniline flexible micro supercapacitors is presented. We found that in fabricating the interdigitated micro electrode patterns on PET substrate; the reduction of graphene oxide and growth of conducting polymer are rapidly performed simultaneously in one step by laser irradiation. The capacitance was 72 mF/cm 2 at 35µA/cm 2 current density. These highly capacitance micro supercapacitors demonstrate good stability and more than 93.5% of the capacitance retain after 1000 cycles at 0.7 mA/cm 2 current density.
respectively. It is observed, that similar to the previous reports 12, 13 , the ablated porous structure with continuous interconnected framework are formed in all samples. This is because laser beam provides localized high temperature that causes chemical bond cleavage and sublimation of atoms to recombine into gaseous products, which lead to hydrodynamic drainage and porous structures 12 . Presence of polyanilline in RGO sheets, forms densely packed nanoparticle clusters in the form of coral-like structures (comparing images in Fig. 2(a1) , (b1). It is observed that LRGO@PANI nanocomposite is more porous and disordered than the LRGO.
Porosity of supercapacitor electrode is an important parameter to facilitate ions diffusion in the charge/discharge process which leads to better contact with the electrolyte and providing numerous channels for ion transportation and diffusion.
Therefore, presence of polyaniline in the structure of LRGO@PANI, not only improve conductivity and flexibility of the provided electrode, but also increases its cycling stability via preventing the volume change and particle aggregation during the charge/discharge process 14 . Fig. 3d shows Fourier transform infrared (FTIR) spectra for LRGO and LRGO@PANI films. The intense peaks in the FTIR spectrum of the LRGO reveal evidence of stretching vibrations: O-H absorption causes the peak at 3415 cm -1 and peak at 1637 cm -1 is due to in-plane C=C bonds and the skeletal vibration of the graphene sheets. The weak peak at 1385 cm -1 in the FTIR spectra corresponds to vibrations of C-OH bonds of graphene-hydroxyl groups. As reported in the literature, remnants of hydroxyl groups related to water molecules intercalating among LRGO layers, do not affect the hydrophobicity of the LRGO and usually improve its electrical conductivity 16 . FTIR spectra of LRGO@PANI film provided evidence of interaction between graphene sheets and PANI chains in the nanocomposite. The spectrum of LRGO@PANI exhibited almost the same vibrational bonds as LRGO sample, but peak at 1127 cm -1 is appeared in nanocomposite electrode. This peak is assigned to the linear PANI backbone and C-N stretching of the quinoid ring which shows covalent interaction between the π bonded structures of the conjugated PANI grafted on RGO sheets. It is described as the electronic-like absorption peak characteristic of conducting PANI and exhibits the extent of electron delocalization 17, 18 . Because of the π-π interaction between the graphene sheets and PANI in the composite in LRGO@PANI sample, the intensity and wavenumber of C-OH bonding peak are higher than that of LRGO sample (the wavenumber changes from 1385 to 1402 cm -1 ) which lead to limitation of C-OH vibrations.
Raman spectroscopy is a powerful tool for characterizing graphene flakes. It is commonly used to determine the number of graphene layers, the defect density, edge chirality and strain. The Raman spectra of GO, LRGO and GO@PANI, LRGO@PANI are shown in Fig. 4 . For all samples, the two most intensive peaks occur in the ranges 1351-1361 cm -1 and 1588-1593 cm -1 . The Raman band at 1351-1361 cm -1 and 1588-1593 cm -1 known as the D and G bands, respectively. G band is a doubly-degenerate in-plane sp 2 C-C stretching mode that originates from phonons at the Γ point in the center of the first Brillouin zone. This band exists for all sp 2 carbon systems due to phonons emitted by excited electrons or the holes which are scattered by incident photons 19 . D band originates from a defect that includes any breaking of the symmetry of graphene lattice and any changing in carbon hybridization such as sp 3 -defects, grain boundaries or even an edge which can be introduced by interfacing at the borders of crystalline areas 20 , for momentum conservation. In this band the electron is elastically scattered by a phonon to the K' point and then elastically back-scattered to the K point by a defect. The ratio of D and G bands peak intensities (I D /I G ) can be used experimentally to determine the extent of defects on GO and RGO films. Graphene oxide is a compound of carbon, oxygen and hydrogen in variable ratios, Fig. 4a , b indicate the strong D band and I D /I G ≥ 1 in GO and GO@PANI samples that confirm its lattice distortions and a large amount of sp 3 -like defects caused by the oxidation process and the presence of polymer in the structure of GO (in GO@PANI films). While the intensity ratios of I D /I G of LRGO and LRGO@PANI samples are less than that of GO and GO@PANI.
It is because after reduction process by laser light, the intensity of G band increases which corresponds to the recovery of the hexagonal network of carbon atoms, therefore the number of the graphene-like domains is increasing.
Raman spectrum of GO@PANI and LRGO@PANI composites, Fig. 4b , show that the signals for @PANI cannot be clearly observed in the composite because the PANI chains have been enveloped by the graphene and graphene oxide sheets. This illustrates that PANI in the samples are well wrapped in the layer of graphene (and graphene oxide) sheets, in accordance with FE-SEM results Fig. 2 which is in agreement with the report of Yongsong Luo et al 21 . Comparison of GO and GO@PANI Raman spectra is shown in Fig. 4c . The frequencies of D and G peaks in GO@PANI nanocomposite film, blue shifts about ~5 cm -1 from GO film. The peak positions are sensitive to external perturbations, in GO@PANI film the growth of polymer chains on graphene oxide sheets changes band structure; hence carrier concentration; the formation of a low defect concentration and charge transfer from defects 22 . The lower thickness of multilayers in GO@PANI with respect to GO film leads to more quantum confinement effect hence a blue shift in Raman spectra. Fig. 4d indicates Raman spectra of LRGO and LRGO@PANI films. The weak peaks at 2680 cm -1 and 2927 cm -1 correspond to 2D and D+G band, respectively 19 . 2D band is a second order Raman process originating from the in-plane breathing-like mode of the carbon rings. In double resonance process, an electron-hole pair is created by an incident photon near the K point in the first Brillouin zone. 2D peak shows characteristic of sp 2 hybridized carbon-carbon bonds in graphene, that for single layer it is very sharp however by increasing number of graphene layers, the peak intensity reduces and broadens; 2D and D+G peaks in the as prepared films show presence of multilayer graphene, as seen in FE-SEM images (Fig. 2 ). In Fig. 4d the peaks positions do not change with the presence of conductive polymer however the intensity increase, which may be due to the change in structure by increasing functional group and density, hence vibrational modes increase. The recovery of the 2D peak is clearly observed in LRGO@PANI film. Since 2D band is more sensitive to the defects of graphene-based materials, the regular sp 2 bonding network is dominated in the presence of polyaniline in the structure of the RGO films. Fig. 5a , b, respectively. In Fig. 5a , within the employed potential range 
where the numerator is the area under the CV curve, ∆V is the operation voltage window, k is the scan rate and A is the total area of supercapacitor. In Fig. 5c Fig. 5d . It is observed that the current densities associated without polyanilline devices are markedly lower (approximately 6 orders of magnitude) than their reduced graphene/polyaniline counterparts, because of low porous structure and non-existent or very limited electroactive site in LRGO micro electrodes. Evidently, the peak current of LRGO@PANI electrodes is higher than that of pure LRGO electrode, indicating that the PANI could effectively increase the capacitance of RGO. Fig. 6 illustrates the galvanostatic charge/discharge curves at various current density for LRGO-MSC and LRGO@PANI-MSC cells. The nearly symmetrical and triangular shape of galvanostatic charge/discharge (GCD) curves in Fig. 6 confirms a high reversibility of capacitance behavior of high-performance supercapacitor micro electrodes. This is in good agreement with the previous CV results. Fig. 6a demonstrates the GCD curves of LRGO-MSC device. No faradic interactions is observed which means that the capacitance is mainly attributed to pure electric double layer capacitances. But the GCD curves of LRGO@PANI electrodes show two potential stage in the ranges of 1.0-0.5 V and 0.5-(-1.0) V (Fig. 6b ). The former stage with a relatively short discharging duration is attributed to electric double layer capacitances in interdigital fingers, however the latter stage with a much longer discharging duration is related to the synergistic effect between double layer capacitance and pseudocapacitance, corresponding to RGO and RGO@PANI that is in good agreement with others graphene/polyaniline composite based supercapasitors 25, 26 . By increasing current density, the charge/discharge process goes faster and performs from 375s at 0.07 mA/cm 2 to 18s at 0.7 mA/cm 2 for LRGO-MSC and 4200s at 0.07 mA/cm 2 to 240s at 0.7 mA/cm 2 for LRGO@PANI-MSC.
The charge/discharge time in the GCD curves of LRGO@PANI electrode is enhanced by more 10 orders of magnitudes in comparison with LRGO electrode.
The overwhelming long charge/discharge time is a result of the pseduocapactive characteristics of the LRGO@PANI electrode and a good charge storage property upon the presence of PANI in the energy storage systems. The stack capacitance of LRGO@PANI-MSC is evaluated by galvanostatic charging/discharging at different current densities and compared with that of LRGO-MSC (Fig. 7a) . The stack capacitance values, (mF/cm 2 ) of the samples are estimated from the discharge process at the constant current density according to the following equation 10 and they are labeled by current density for both samples
where i is the constant current (A), is discharge time (s), ΔV is changings of potential during discharge process and A is cell area. The stack capacitance 72.0 mF/cm 2 of the LRGO@PANI nanocomposite micro-electrodes at 0.035 mA/cm 2 is much higher compared to 6.6 mF/cm 2 Long cycle life is a significant parameter for energy storage devices. Cycling stability of the fabricated micro supercapacitors are tested at 0.21 mA/cm 2 current density for LRGO-MSC and 0.7 mA/cm 2 current density for LRGO@PANI-MSC.
The cycle life of charge/discharge is illustrated in Fig. 7b that shows more than 93.5% of the capacitance is retained after 1000 cycles for LRGO@PANI microelectrode, which indicates excellent cycling stability of the nanocomposites microelectrodes in long-term compared to LRGO micro-electrodes, 83%. This is due to the morphological and electrochemical changes of LRGO@PANI electrodes. This is confirmed by the results of GCD curves of different cycles that presented in Supplementary Fig. S5 . The capacitance retention of micro supercapacitors in the present work is higher than previously reported RGO@PANI composite electrodes 27 . The insets of Fig. 7b illustrate the typical charge/discharge curve of both micro electrodes in the last 1000 th cycle, exhibiting the stable symmetrical shape.
iR drop (V drop ) at each constant current density (i) which is a measure of the overall resistance of the fabricated supercapasitor is obtained from following equation 13 :
where V drop is the potential drop at the beginning of each discharge curve. The drop for LRGO@PANI electrode, Fig. 6a , at different applied current densities is smaller than that of LRGO electrode, Fig. 6b . The values of both LRGO and LRGO@PANI electrode at 0.14 mA/cm 2 are shown in Fig. 8a where is stack capacitance (mF/cm 2 ) and ∆ is the operating potential window (V), ℎ and are thickness (cm) of microelectrode and discharge time (s), respectively. Energy and power density values of the as prepared microsupercapacitor are given in Table 1 that the values are calculated at applied current density of 0.07 and 0.7 mA/cm 2 . It is observed that the energy density of LRGO@PANI is more than 11 time that of LRGO-MSC. The energy density of LRGO@PANI with H 2 SO 4 /PVA gel electrolyte reaches 2.7 mWh/cm 3 at the power density of 81.4 mW/cm 3 which is higher than that of the other MSCs' reports based on graphene 29, 30 . Since the energy that can be stored in a single micro supercapacitor is low for most practical usages thus, to demonstrate the possibility of applications of the LRGO@PANI-MSC, we investigated electrochemical performances of a tandem micro supercapacitor composed of four LRGO@PANI-MSC. As shown in Fig. 9a , b, the potential window of tandem LRGO@PANI-MSC exhibit very good electrochemical performance, enabling them to be applicable for electronic devices. 
Discussion
Our results show that the best micro electrodes of supercapacitor is LRGO@PANI Laser reduction process here includes controlled photothermal reduction process and thus it renders less oxidative decomposition effect of GO. This method seems to pave the way for fabricating future flexible electronics and energy devices based on graphene nanocomposites by introducing a facile, economic and scalable method to design miscrosupercapacitor. 
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